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‘To aﬂ whom it may concern:
~ Be it known that, ELIHU THOMSON, a.cltl--
zen of the Uhnited States, and a remdent of

Lynn, in the county of -Essex and State of
Massachusetts, have invented a certain new

. and useful Apparatus for Regulating Current

~'or Potential in Secanda.ry of Transformers, of
.- whlch the follow‘ing is.a specification.

s

My invention relates to that class of elec-

tric apparatus in which two coils or currents

are brought into induetive relation, one of

said coils being.the seat of. altematmg eur- -

rents induced by alternations or other varla.-
tions of current in.the other:

The object of my invention is to so con-
struct & device of this kind that it shall have
aself-regulating character, resulting in an au-

- tomatic adjustment or regulation of the cur-
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rent or potential in the coil forming the sec-

ondary when the resistance or current in the

same varies. - This self-regulating character
i8 especially useful in caseés where the indue-

‘ing-coil i8 supplied from a sourceof constant

potential, and by proper construction of the
apparatus a regulation may be secured which
will give a. constant current in the induced
¢irenit despitechan ges of resistance, although
the inducing-currentisconnected continually
to the constant-potential source. Thus if the
primary coil of & converter be attached to a
constant-potential circuit as 8 branch the cur-

- rent which I am enabled to obtain in the sec-
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ondary circuit may, instead of being 8pproxi-
mately of. constant potential like the primary,

‘be of approximately constant strength or vol-
‘ume of flow regardless of a wide range of dif-

ferences of resistance interposed in such sec-
ondary circuit; or, again, I may obtain from

the secondary an electro-motive foree or po-

tential which diminishes as the current

“strength increases, as when. resistance is

gradually taken out of the secondary circuit.
My invention is particularly applicable to

-the running of arclamps by induetion from

constant-potentlal mains without the use of
registances in circuit with the ares for limit-
ing the current which they receive, since by
the use of my invention any increase in the

~ secondary may be made to produce a fall .of

50,

. ary coil feeding the are.

electro-motive force given out by the second-
Were this not the

~ case, Or ‘were the electro-motwe force mam-

l

ta.med the current ﬂowing to the are lamps
would be unstable, and the lamps would be

very irregular in action, owing to the fact st

that as the current in the are increases the
resistance of the arc falls, which would with
constant potential bring ‘about further. eur-

rent increase, and so on. In my invention if
‘| the eurrent i8 to be ten ampeéres for the arcs

it ecannot rise much above that amount, no

matter whether the carbons in the arc are .

ADArt.Or Near mgether or in actual contact.

I am enabled also in my invention to opers

ate a number of incandesocent lamps or other

translating devicesin series from the second-
ary coilof a teansformer and permit the shunt-

~ing without resistance of one or more of the

lamps while the current in the cireuit of the
remainder is substantially unchanged. In

fact, by pmper modifications in the manner
| of carrying out my invention, the primary
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coil being on constant potenmal the second-

ary coil may beshort-circuited and retain only

the normalor a slightly-increased current. I

am not aware that this ha.s ever been done

before.

- My invention conslsts, essentially, in the -

combination, with -one or the other or both
circuits of the induction-coil, of an iron core

‘which is included in the alternating or vary--

ing current cirenit, and has parts, as herein-
after described, brought into definite proxim-
ity to-form a pa.rtml magnetic closure of the
magnetic eircuit of said core of a definite or

det value, according to the nature of the regu-

lation of current or potential desired in the
induced. cireuit, such magnetic circuit being
formed mdependenﬂy of the magnetic circuit
which threads both coils of the converter.
'The invention consists, further, in a con-
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verter having primary and secondar ycoilsdis-

| posed on different parts of the samecore, parts

orextensionsof whichare broughtinto definite

proximity, 8o, as to form'a magnetic shunt of
definite or set value for the part of - the core
included by each coil.
provided will be automatically varied as the
curtent in the secondary coil varies and will

be increased -in amount as the current in-

créases, thereby automatically lowering the

95

The' shunting thus

100

potential of the current delivered by such

secondary.
My invention consists, also, in certain im-
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oram showing current and _potential.

proved detml% of eonstrucmon and eombma—
tions of parts, to be hereinafter more pa.rtlcu-
larly described, and then qpeeiﬁed in the

claims.

In the écmmpa,nymg dmwmgs, Figures 1
and 2 are elevation and plan views of & coil

containing or operailing in accordance with

mny invention. Figs. 3,4, and 5 are modifica-

. tions of forms of core.
show adgustable devices amd modlhe&tmm of-
Figs. 10, 11, 12, and 13 show

_modifications of forms and a,rr&ngement of

Figs. 6,7, 8, and 9

the invention:

the parts. Figs.14,15,and 16 illustrate some
of the uses of my invention. Fig.

18 shows modlﬁed deviees giving similar of-

17 is a dia- -
Fig.

460515 -

fects to the foreﬂ'omg Fig, 19 is a torm of |

a,d;justable core in one of my coils.
In Figs. 1and 2, abare alternating-current

mains a,t eonst.a,nt potentlal dlﬁ"erence, or a,p-"

proximately that. _
P is a primary coil of insulated wire of

o and b, such that very little current passes
in P when the circuit of S is'open. -

S is a secondary coil of suitable number of
turns according to potential of current to be
obtained - therefrom A laminated or other
core, I, passes through both coils, P and S, as
shown, and makes & c]qsed magnetlc circuit.

At e e’ are projections from the laming of

the coré. DBy these prcgectmns the core is ex-
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tended to include an air-space between the
paris of the core at' K. The width of this
space K may be in some eases quite narrow,
and in other cases e and ¢’ may be well sep-
arated, as shown. 7The purpose is to provide
an air or magnetle resistance-shunt to the

parts, of the core I, coming from the coils and

joining their cores. The space K might be
filled in whole or part with solid or hqmd
substances not highly magnetic, such as
wood, paper, slate, &c. - The coil so organized
has the peculiar property of producing in the
secondary coil S a droop or fall of electro-mo-

‘tive force when the resistance is eut out of

its circuit, and this fall may be made nearly
propor tional to the fall of resistance, or di-
mmlqhmg remqtance whmh may be mfaerted.
in its eircuit.

At A is represented an arc lamp, (or A may

stand for a series of aré lamps,) which may

th,us be fed with constant current, although
pmmary coil P 18 sub;ect to comtant poten.

tials.

By means of the: pro,]ectmns e ¢’ or other

magnetic carriers or conductors the maghnet-
ism developed in the portion of core sur-
rounded by the coil P ean work, as it were,
through two magnetic circuits, one mcludmg

the space or resmtance K and the other in- |

. cluding tlie portion of core passing through

the coil S.. The magnetic lines developed by
the core or coil P, which pass through the air-

-space at K and escape the coil S, produce

wholly self-inductive effects, rmltm g v an

opposmon to the flow of the primary cn rren ts,

‘turns-corresponding te the potential between |

|

current induced in S.

in S, and vice versa.
but little the potential of coil S on open cir- -
cuit; but wherd § is put to work its possible"
current becomes hmited in accordance with

the

K, as in Fig. 8, the secondary _
.Bame time in clrg,mt with 1ts normal hlghest.!

Tt e,
- -

_whﬂe all the” Im@s deve?loped by the cml P,

which pass thmugh the axis of the coi] S, re-
sult, 28 usual, in the produection of seconda.ry
currents An}f tendency to increase of cur-

rent flowing in.coii P, resulting from the low-

oring of the resistance in the cireuit of S, will .

| at once be followed by increased self-indue-

tion of the coil'P through the increased clos-

75
ure of the magneticecircuitof itscoreacrossthe - -

space K, while at the same time the self-induc-

tion of the coil S will alsoincreéase, owin g to the
increased closure of the magnetle circuitof its -

core across the same space. In fact,the effect 8o

of & slight increase of current in the coil §

‘would beto beat back thelines of forcetending
'to.pass through its coils from the coil P and

cause them fo be shunted across the space K.
The result of “all this is that the. varying re-
sistance in the circuit of the secondary S
réceives & current ‘which tends to be limited.:

1 in strength and to be self-regulated through

.the provision of the shuntmg magnetic space
The partial magnetic shuntat X may be’
| also provided at other points than that shown, )

K.

in Figs.1 and 2. In Fig. 3 it.isatee, K

85
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‘being beyond the secondary coil S.” In thlS ,,

€286 “2lso the coils P and S might be mter-
changed in position oni the core I I.
F1g 4 shows & duplma,tmn of pamal mag-

netic shunts at K XK.
Fig. 5 shows a form of core I Fig. 1 modl-

fied in outline, but producmg similar resultq

Fig. 6 shows faces ¢ ¢’ adjustable to and

100

from each other by & screw, W, to vary the

magnetic shuni‘mg, and 1hereby to vary the

approach, the smaller the current given out
The distance afiects

the space between e and ¢’.” I sometimes vary
the action by inserting in the lines of force

The nearer eand e’

105 .
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formed in the space of partial magnetic elos- -
ure, as in Fig. 7, a conductor~—such as a cop-

| per-pla,te;l{’ ~toa greatorless extent between
T

the facese e’. The effect is to cut off in pa
the passage. of magnetisma' through the air

between ¢ and ¢’ by the induetion in the con- .

ductor of currents which oppose the magnetic

effects. If, as in Fig. 8, the copper-plate K’

bé hung on a movable support such as lever

L, and be inserted part way between the faces-
.ee’, as shown, the plate will when the current

is on tend to be repelled from the slot.. The

piece K’.

from the coil S.:

In Fig. 9, K’ is a frame of copner a.nd 7 is o

This is used ag in Fig. 8,
K’ being inserted in the space K, Fig. 1, and -
-get 80 that ‘when eurrent is on cml P 11; is -

a counter—balance

115
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spring Z may be adjusted to partly balance - .

The addition--of this device
-still further perfects the action in delivering
.a constant curren’r alternatlng, of course, ’

125
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balanced in & position part way.in the space

S being at the
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resistance giying' the normal current. Let

this resistance be partly cut off and generally

& slight increase of current will take place.

5

10
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The frame K’ moves outward from the slot
(being repelled as an induective closed cir-
cuit) and compensates for such increase, for a
movement of K’ outward always results in
a diminished current in coil S under any
conditions. The apparatus by suitable bal-
ancing can thus be made accurately self-ad-
justing, so that a constant strength.of cur-
rent (average) is produced in coil S, unless

‘the resistance interposed exceeds its proper
limits, Where the current to be obtained is
‘to have properties between those due to ¢on-

stant-potential average and constant-current.
average, the modification, Fig. .10, may be
adopted. One coil, 8/, or part of the secon-

- dary winding i8 near the coil P, or adjacent

20

thereto, (or under or overlying the same,) and
the other part of the secondary is, as at S,
removed therefrom on the same core. In thls

 case the terminals of the secondary coils in
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induction-coils.

series will not either deliver constant poten-
tials or constant current; butif the resistance
in the secondary be diminished the current
will increase but at a less rate than constant
potential would give, 80 that a limited our-
rent of moderate strength flows even on short
circuit.

Fig. 11 shows the invention apphed to ring
Between each primary coil
P and secondary &’ the iron of the core is ex-
tended toapproach and form a magnetic ghunt
of high resistance around each coil. In Fig.

12 the core itself is formed of .an interior ring

‘wound with coils P and S, &c., and an outer

closely-enveloping ring, which’ may be joined
between each alternate coil with the nng—

core. The magnetlc shunting occurs at e e’
ee’ ee eé.
Fig. 13 shows a ring-core with only two -

~eoils, P and S, and magnetic shunt of com-
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‘cores. |
means fo_r adjusting the distance between the

paratively hlgh registance at e¢ ¢’. To con-
struct the apparatus the core ‘may be cut in
halves or otherwise suitably divided, as on
the line X X, and the coils wound separately
and put in place over the meeting ends of the
In Fig. 19 this formm is shown with

parts ¢ ¢/. In this case e is made as a plug
or sliding piece, which may be moved up or

- down to govern the space between the faces

33

of e and e’ or the resistance of the magnetlc;
shunt.

Fig. 14 shows my improved induction-coil

- involving the feature of magnetic shunting,

6o

as before described, running a series of in-
candescent lightsor other working resistances
from the coil % while coil P is on a constant-
potential alternatmg circuit from ab. When
the adjustments are properly made, one or
even all the lights L L may be shunted by
switches of no resistance, and the current in
the circuit of S will be substantially un-

changed in amount—i. ., the potential of the |

‘tial of the secondary.

ooil S is self-adjustmg to the resistance in the
circuit unless the latter be too great..

~ Fig. 15 shows how a wire, L, may be main-
tained at a uniform temperature while its

length in circuit may be greatly varied owing:
to oconstant current strength obtained not~
-withstanding constant potentials at a b. -

For arc-light work or for electric furnaces
or heating, as in Fig. 16, my invention per-
mits distribution-at constant potential to the

coils and feeding to the work, as at A’, cur-
rents of constant volume, or, as before ‘indi-

cated, of a volume much less increasing than
in the ratio of constant potential over the re-
sistance in cireuit. «

Fig.18 illustrates & modification in the man-
ner of applying the device, Fig. 1, to prima
and secondary circuits. The inductmn-co 1
P Sis of ordinary or any suitable character,
and the automatic regulation is produced by
the coils P’ §' in circuit with P 8; respect-
ively, and applied to a core with the partial
magnetic shunt. The shunt operates in the
manner already described to lower the poten-
In this case, however,

75
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a8 in Fig. 10, the droop of potentla]. will not

be in ratio to give a constant current; but the
increase of current will be mea,sumbl lim-
ited by the action of the Bhunt for the core
of coils P’ S

1 do not herein claim the method of determ-
ining the current or potential in the secong-

ary consisting in developing alternating mag-

netism through the action of the current in
the primary or secondary, or both, and vari-
ably closing the magnetic circuit thmugh a
path independent in whole or in part of the

core in which magnetism is devoloped by the

other coil, as this method forms the sub ect

of another application for p&tent filed of even

date herewith.

In Fig. 17 the verticals or ordinates ImAY
represent potentials developed in a second-
ary, S, with varving resistances, and the hori-
zontals or abscissas the strength of the cur-
rents flowing. The continuous curve line

starting at two hundred becomes nearly ver-

tical at one hundred, showing that from this
point down at any Tess potentml than one

95
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hundred the current will remain practically

the same.
shows the condition of partial regulation: in

which there is a continued fall of potential

accompanying an increase of current. These
curves may be called “characteristics” of the
apparatus, and will vary, as before stated, ac-
cording to the censtruction and proportions.
What I claim a8 my invention is—
1. Aninduction-coil or transformer having

‘a partial magnetic shunt of determinate ca-

pacity for the magnetism threading the coils,
whereby the potential of the secondary cur-

| rent may be automatically lowered on an in-

crease of such eurrent, as and for the purpose
described.

2. In anindu ction-cml or tranaformer, & Par-

The dotted or broken curved lme ,
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tially - closed magnetic circait consisting of | ondary alternating eireunits in inductive relas

polarextensions or magnétic carriers from the
parts of the core between the primary and
proximity, as

secondary. brought into close-
and for the purpose deseribed.

3. The combination, with-an induection-coil |

- or transformer having a magnetic shunt, of &

10

ing the currents in the secondary, so as to

condugctor suspended or movable in the shunt-

~ing-lines of force, as and for the purpose de-
seribed. .

4. The combination, with ‘constant-potern-

tial maing, of a transformer, 2 secondary for |

sald transformer feeding translating devices

in series, and & magnetic shunt for the trans-.
former having & definite or determinate ca-

pacity, such as deseribed, proper for limit-

keep or tend to keep the same of constant

~ amount, as and for the purpose described.

. 20

28,

5. The combination,with an iron corethread-

ing two alternating-current coils, of magnetic

carriers’ or extensions for said core brought
“into close proximity and forming a magnetic

shunt variable.in amount automatically by

the increase or decrease of current in one of
~said cotls, as described.

' 8,-The combination, with. two alternating-

30

35

40

- plied to different parts of the same core, one |
near to and the other moreremote from the pri- |

K0

- @oil.

elirrentcoils placed ininduective relation upon:
2 suitable core, of a magnetic shunt for the
magnetism threading said coils and of defi-.

nite or determinate strength increasint auto-
matically with an increase of current in the
7. The ecombination, with two alternating-
current coils wound on different parts of the
same core, of iron masses tending to form a
magnetic shunt for the portions of core be-
tween. the coils and adjustable for the pur-
pose of determinating the amount of the mag-

netic shunting. :

8. The combination, with constant-poten-

tial mains, of a transformer having its pri-
mary fed therefrom, a gsecondary on a differ-

~ent portion of core, and a partial magnetic

shunt for the portion of core between the coils.
- 9. The combination, with the primary, of
two secondaries connected in series and ap-

mary, and a partial magnetic shunt for the
core, as and for the purpose described.
- 10. The combination, with two alternaiing-

“current mains, of transformers having a va-

- riable resistance in their secondaries and par-

55
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tial magnetic shunts for the portion of cores
threading the secondaries, as and for the pur-
pose described. o -

11. A system of distribution for arc lighting,
comprising constant-potential mains, trans-
formers in .multiple oh said mains, are-light
circuits connected to the secondaries, and

potential-regulators consisting of partially- |
closed magnetic circuits set up by the currents |

of either or both of said coils. = :

12, The combination, with primary and sec- l

L

b
riable resistance in jts secondary and s core

‘which forms the seat of magnetisin developed

tion, of an iron core forming & seat of alter-

| pating magnetism developed by one of said

circuits, and having extensions brought into
close proximity to form a partially-closed mag-
netie circuit of determinate amount variable
automatically with the currents flowing.

18, The combination, with primary and sec- -

ondary alternating-current circuits in induet-

| ive relation, of an iron core forming.the seat 73
of alternating magnetism developed by the
~current in the secondary and extensions from
‘said core brought into proximity to form s

partially-closed magnetic circuit
or.determinate amount. - 8o

14. The combination, with an alternating~
current main, of a transformer having a va-

of definite

by the secondary currents, and is provided 8
with extensions brought into proximity to
form a partially-closed magnetic circuit of
determinate amount, as and for the purpose

. described.

* 15. The combination, with an induetion-coil go
Or conver{er, of a-partially-closed -magnetic
circuit exeited by the current in each or either.

~of the electric circuits and a conducting-plate

movably suspended in a gap in such magnetie

circuit, as and for the purpose described. -
16. The combination,with an induetion-coil

or converter, of magnetic carriers—such as

95

| iron-core extensions—from a core excited by
the current which flows in one of the coils

of the converter, and means for adjusting the 100
magnetic resistance between the parts of the
core. partially shunted by said carriers or ex-
tensions, as and for the purpose deseribed.

17. An induction-eoil or converter having
an endless iron core or magnetic eircuit on
which the primary and secondary coils are
disposed at different points, and having parts
or extensions of said core brought into deter-
minate magnetic inductive proximity to form
a partially-closed magnetic circuit of definite

10§

110

- capacity independent of the closed magnetic

circuit over the iron
coils. | B | |
18. An induction-coil or converter having
primary and secondary conductors wound on-
different parts of the core, and having parts
of said core brought into proximity but sepa-
rated by a magnetic shunting-space of defi-
nite or determinate capacity, as described,
proper for keeping the current in the second-
ary approximately constant when the pri-
mary is supplied from a constant-potential

source. :
- Signed at Lynn, in the county of Essex and

core and through the

11§
120

ELIHU THOMSON.

State of Massachusetts, this 31st day of De- 123

cember, A. D. 1888.

Witnesses: |
J. W. GIBBONEY,
. E. W, RICE,{ Jr.
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